Introduction
The fact that the law of one price is usually violated in practice (Means 1939 ) is well documented. That seemingly identical products sell for remarkably different prices at the same point in time may be due to the coexistence of informed and uninformed consumers (Varian 1980 ; Burdett and Judd 1983; Carlson and McAfee 1983) , consumers with high and low valuations (Jeuland and Narasimhan 1985; Pesendorfer 2002) , those that vary in store loyalty (Villas-Boas 1995), and consumers who search intensively or do not search at all (Wilde and Schwartz 1979) . If a lack of information is the primary source of price dispersion, then price variation due to costly search should be lower online, and the law of one price restored.
However, Brynjolfsson and Smith (2000) , Clay, Krishnan, and Wolff (2001) , and Goolsbee (2001) document significant price variation even in online markets that are more near to the textbook description of perfection. By removing all the physical elements of search cost (driving, parking, turning pages in a newspaper ad, for example) the remaining costs of search in online markets reflect pure mental "processing costs" that are at the core of any discussion of how consumers perceive and react to price variation. Most empirical studies of online price dispersion consider markets for single products in which the search process is arguably simplified, whereas many retail products (food, for example) are purchased in more complex, multicategory, multiproduct environments. In these environments, consumers not only make many choices within a short period of time, but typically face a wide assortment of products from which to choose. Deeper assortments, in turn, can either complicate or faciliate the search process. In this study, we examine the question of how search costs vary with the number of products available in a differentiated, multiproduct, online retail environment.
We examine this question in the context of a rapidly-growing online retail market: Online 1 grocery purchases. The magnitude of search frictions in online markets is particularly important in the food retailing industry given the small margins earned by existing retailers, and the expected growth on online food retailing. Indeed, online markets for retail food products are currently small, but are growing rapidly. In 2010, the Hartman Group (Hartman 2012) found that online grocery sales represented only $13.0 billion of the over $1.0 trillion retail food business; however, comScore (2011) reports the online component of grocery sales is growing much more rapidly than traditional grocery sales at more than 10% per year. 1 Moreover, with Amazon and Walmart beginning to compete in the "order and deliver" market, many of the obstacles to growth (access, delivery, and price) will be removed within the next few years. 2 Because online retailing differs from traditional retailing both in terms of the cost of search and the potential to offer much greater variety online, understanding how search costs vary with variety is critical to understanding pricing decisions by online food retailers.
There is a fundamental, yet unresolved, debate regarding how search costs change with variety, or assortment depth. Because variety is a key strategic variable in retail environments (Richards and Hamilton 2014) , retailers may be able to manipulate consumers' cost of search to their own advantage. If the cost of search is fixed (for example, the cost of driving to the store and finding a parking spot) then average search costs fall with the number of products considered, and deeper markets should be more efficient. Further, if greater variety implies that products are more densely packed into a given attribute space, then this finer differentiation among products makes finding the desired product simpler. Greater variety implies lower search costs within each store as less effort is required to find the desired item, 1 Traditional retail outlets account for roughly $500.0 billion in sales, and non-conventional outlets, such as club stores, discounters and drugstores, the remaining $500.0 million (Hartman 2012). 2 The online grocery market consists of "order and deliver," "order online and store pick-up," "specialty online," and "online order and shipment" sub-segments (Hartman 2012). 2 and consumers have less incentive to search among stores if they can more easily find a desirable product at a single retailer. However, if search costs are variable in the sense that considering each product involves a unique process of examination and consideration, then search costs rise in the number of products available. 3 In this study, our online data provide a relatively "clean" test of how search costs change with variety.
While the cost of searching among products may indeed be lower online than offline, online retailers are able to offer more variety, and more detailed information on each of the variants on offer. On its own, variety is well understood to be a source of market power ( Wu (2000) argue that online purchases are likely to be less elastic due to the importance of brand names, technology that facilitates habitual purchases, and, most importantly for our purposes, the volume of information available on non-price attributes. Although they do not test any of these explanations directly, they find the online price sensitivity of liquid detergent to be only 63% of its offline counterpart, and that non-sensory attributes such as fat content or perhaps sugar content, are important determinants of online sales. Similarly, Andrews and Currim (2004) and Chu, Chintagunta, and Cebollada (2008) find the demand elasticity for online grocery purchases to be far lower than the offline elasticity, and attribute the difference to higher incomes among online consumers, their demand for convenience, buying larger baskets of items, greater brand loyalty, and having greater access to non-price attribute information. More non-price information allows online shoppers to more readily search for differentiated products. Variety, therefore, can have competing effects on retail prices as lower search costs may reduce retail prices, but may also facilitate higher retail margins. We attempt to answer this empirical question in our model of equilibrium price dispersion.
It is well understood that search costs are identified with price-only data. Hong and Shum (2006) estimate search costs using an empirical approach based on the mixed-strategy price equilibrium derived from Burdett and Judd (1983) . By imposing the equilibrium conditions implied by both sequential and non-sequential search on the resulting price distribution, they are able to solve for the indifference points in the distribution of search costs. 4 4 the era of internet shopping that we consider here.
The objective of this study is to determine the effect of product variety on search costs in a multiproduct, online, retail environment. We contribute to the literature on search and equilibrium price distributions in a number of ways. First, we estimate search costs in a multiproduct environment, not only multiple options within one category, but search within multiple categories on a single shopping trip. This environment is both realistic and likely revealing as it presents a significantly more complex decision space for individual consumers.
Second, we extend the existing econometric methods of identifying price distributions for single products into a multiproduct framework. While Hong and Shum (2006), MoragaGonzalez and Wildenbeest (2008) , and Wildenbeest (2011) develop maximum likelihood methods of estimating search costs for single products, the multiproduct problem is at once both more descriptive of actual shopping behavior, and inherently more complex. Third, we examine the effect of product differentiation on equilibrium price distributions, and search costs. Much of the previous work in this area uses data on homogeneous products in order to control for all sources of price variation other than variation in search intensity, whereas we extend the differentiated-products approach of Wildenbeest (2011) in accounting for product differentiation not at the level of the store, but for individual brands where choices are made.
Adding product differentiation to the problem is necessary to form conclusions relevant to the retailing industry, and to examine the implications of search in a true differentiated, multiproduct environment.
In the next section, we provide some background on existent models of multiproduct search. In the third section, we describe our online grocery data, and highlight some observations that point to the salience of our research question, namely that online prices tend to be highly disperse and, evidently, less than perfectly competitive. In the fourth section, we develop an equilibrium model of price dispersion in which costly consumer search plays a prominent role, and emphasize the importance of multiproduct search in an online-retailing context. In this section, we also show how we incorporate the effect of variety on empirical search costs, both in single-product and multiproduct search environments. We present and interpret our estimation results in the fifth section, while the sixth concludes and offers more general implications for other forms of online retailing.
Background on Multiproduct Search
Models of online price dispersion typically consider search for a single product, books or electronics, for example. However, search costs in a multiproduct environment are likely to differ fundamentally from those incurred when only one product is searched, but the literature is unsettled on what this means for equilibrium retail prices. For example, correlation among prices is one of the key points of contention in the multiproduct search literature. Rhodes (2012) argues that non-advertised and advertised (shopped and non-shopped) prices will be positively correlated because retailers use advertised prices to attract customers to the store, and then must lower prices on the remaining goods because the arriving consumers are inherently price-sensitive. However, his prediction contrasts with Lal and Matutes (1994) , McAfee (1995) , and Hosken and Reiffen (2007) because none of these models assume that retailers reduce the price on other products once consumers are in the store. 5 In fact, the opposite case seems equally plausible. Hess and Gerstner (1987) and Lal and Matutes (1994) argue that prices in a model of multproduct search should be negatively correlated, while McAfee (1995) and Hosken and Reiffen (2007) do not comment on the likely correlation of prices, and do rely on price-transparency at all. In these models, heterogeneity in valuation drives the mixed strategy equilibrium, not information on product prices. In equilibrium, firms manage the tension between charging higher prices to consumers who do not shop, and setting lower prices to attract those who do. Zhou (2012) considers a sequential model of search in which consumers incur a single search cost to learn the prices, and attributes, of several products at once. Search is sequential, products are horizontally differentiated by firm, each firm offers all products, and consumers search not only for price, but for attribute matches. The author reveals a different dynamic that separates singleproduct from multiproduct search, namely, because there are economies of scope in search, retailers can sell more items to a searching consumer by reducing the price of other products, in addition to the one that attracts the consumer. As in Rhodes (2012) , therefore, products are priced like complements even though no prior assumptions are made regarding product substitutability, or complementarity. Of the counter-intuitive predictions, retail prices can actually fall with higher search costs in his model -higher search costs strengthen the economies-of-scope involved in searching, which strengthens the complementarity effect among goods that can be purchased together.
If the theoretical research was settled on how multiproduct and single-product search costs should differ, our empirical task would be simply to confirm or refute the received wisdom. However, based on the existing theoretical research, the relationship between search costs in a single-product and multiproduct world is an empirical question. In this paper, we seek to resolve that question by applying a simple, tractable model of search costs using priceonly data. While Wildenbeest assumes consumers search for "shopping baskets" based on average prices, average valuations, and average utilities, retailing is inherently a multiproduct service (Rhodes 2012) so it seems natural to consider a multiproduct search process. McAfee 7 (1995) extends the mixed strategy equilibrium of Varian (1980) and Burdett and Judd (1993) in order to account for the fact that products sold at retail are often searched, and purchased, many at a time. In this case, it is not only the draw from one utility distribution that is important, but a single draw from a multivariate utility distribution. We show how the equilibrium utility distribution method of Wildenbeest (2011) can be extended to account for the effect of variety and search cost in a multiproduct retail environment.
Data Sources and Summary Observations
Our data are from Profitero.com. Profitero is a data-aggregation company that specializes in "scraping" retail pricing data from websites maintained by online retailers. Although Profitero gathers data from a wide variety of online retailers -retailers that sell goods from books to clothing and electronics -we focus on those that sell food online. Among global online food markets, the UK is arguably the most mature as all of the major retail players have a substantial online presence. Therefore, our data describes online grocery prices in the UK. 6 Tesco, Asda, Sainsbury's and Waitrose each offer online grocery purchasing and delivery service, while currently only Safeway offers on a nation-wide basis in the US. Fully 6% of grocery purchases are online in the UK, compared to less than 0.5% in the US in 2012 (Butler 2014) . If price dispersion is indeed a competitive phenomenon, then the UK online food market represents an opportunity to test our hypotheses regarding the source and nature of retail price variation in online markets.
By comparing prices for the same product across stores in an online environment, we describe retail price distributions for food products, in the absence of traditional search frictions, in a non-parametric way. Estimating equilibrium price distributions using conventional scanner data for brick-and-mortar stores is problematic for a number of reasons. First, online shopping data are used frequently in the search literature because search costs estimated from brick-and-mortar shopping behavior include many elements that are not part of the "pure cognition cost" of finding, studying, considering and evaluating the prices and attributes for alternative products. Other than these pure costs, online shopping is nearly costless. Second, unlike conventional scanner data, the Profitero data does not suffer from aggregation bias. In most retail chains, local managers have substantial latitude to meet competitors' prices, which means that chain-wide price reports, even for one regional market, do not necessarily describe a single pricing strategy. Third, and perhaps most importantly, online food purchases represent a growing share of the grocery trade and look to become a significant part of the food distribution channel in the future. Moreover, developing an understanding of consumer search in online markets provides insight into brick-and-mortar retail behavior by revealing changes in the structure and performance of food markets following a decline in consumer search costs. Indeed, it is possible to price-check products from within a brick-and-mortar retail store using a cell phone.
Consistent with our objective to examine the cost of searching among differentiated products, we focus our attention on the top brands from a small set of focal categories. Specifically, our data consists of weekly price observations from 5 frequently-purchased categories: Table 1a shows the list of items in each category, which are matched across retailers by European Article Number (EAN) identifiers. In table 1a, the binding nature of the constraint that EANs match across retailers is notable. In fact, many of the most common brands described by Marketing Magazine are sold in different packages across retailers. The fact that these common brands are sold by some of the largest food manufactures in Europe points to both the capital required to produce retailer-specific packages, and perhaps also to the level of sophistication involved in recognizing the apparent benefits of obscuring search across retailers.
[ our subsequent empirical analysis. First, there is substantial variation in both prices and number of items offered across retailers. In the empirical analysis below, we establish that the extent of price variation is indeed statistically significant at the brand level. Second, there does not appear to be an obvious relationship between variety and category-average price. The fact that no distinct pattern emerges is perhaps to be expected as we identify two possible effects, each counteracting the other, and flowing indirectly through search costs to the retail price. Although Asda offers the lowest category-average price in each case, there is no clear low-price option among the other three. Given that Asda also offers the least variety in two of the five categories, and nearly in a third, this is limited evidence of a price / variety trade-off that is apparent prior to estimation. Sainsbury's also appears to be a high-variety, high-price option, but this evidence does not rise to the level of a stylized fact as Waitrose often has higher prices. Third, because we include identical products in each category, the size of the price differences among online retailers suggests that there are clear incentives to search. For example, in the cereal category alone, the difference in price between the highest (Waitrose) and lowest (Asda) category-average price is fully 9%. If shoppers are inclined to search online for price alone, this price difference is likely enough to induce additional search. In summary, it appears as though our sample is sufficient to capture price dispersion in online multiproduct markets, and to estimate implied cost of searching among multiple differentiated products.
[ Stahl (1989) and many others derive models of seller behavior that make strong predictions about how equilibrium price distributions behave, which demand empirical testing. Third, empirical researchers are able to extract remarkable insights from looking at price distributions only -insights sufficient to examine our core problem of how retail variety is related to search costs in online markets.
Search Costs in a Single-Product Environment
Using the price-only data provided by Profitero, we estimate a model of price dispersion among the four major online grocery vendors in the UK market. Because the items purchased are identical, we assume any price differences observed online reflect either vertical differentiation created by unobserved differences in customer service, delivery, payment or other aspect of perceived service quality, observed variation in retail variety, or costly consumer search. By controlling for vertical quality differences and assortment depth, we identify variation in search costs implied by the observed price differences, and are able to estimate how search costs vary with assortment depth. We extend our single-product analog to Wildenbeest (2011) to multiproduct price distributions in the next section. Following Wildenbeest (2011), we define the utility available from purchasing from retailer  = 1 2   to be the difference between a retailer-specific valuation (  ) and the price paid for an item sold by the retailer (we omit item indices for clarity):
Provided consumers share a common valuation of quality, and firms produce quality using a constant-returns-to-scale technology, we write the valuation for a truly homogeneous product () as the difference between the retailer-specific valuation and the unit-cost of selling We seek to determine how variety affects search costs, so we allow the unit search cost to depend on variety. There are (at least) two ways in which variety can affect search costs.
First, with more products on the shelf, each product becomes more difficult to find as there are more alternatives to search through. Search costs may rise with variety if this effect dominates. Second, if the attribute space is more densely packed with products, the shopper will find product with his or her desired attribute profile more easily, that is, with less search.
Search costs may fall as a result. Because we do not know a priori which effect dominates, the net effect is an empirical question. If the total number of products offered by retailer  is   , the distribution of search costs is given by  (  (  )) with density (  (  )). Our objective is to estimate the parameters of this distribution.
Consumers optimize their search behavior in the sense that the marginal expected utility from searching  times should be at least equal to the marginal cost of doing so. Define the net marginal benefit of searching  stores as the difference in the expected maximum utility of searching  stores less the cost of search, or   = [max{  }] −   so in equilibrium   =  +1 and the cost of searching  stores is
this assumption, and the assumption that search costs are randomly distributed, the share of consumers searching  stores is given by:
Following Armstrong and Vickers (2001) and Wildenbeest (2011), we assume firms compete in symmetric, mixed strategies in utility space. Let the utility distribution be denoted by (  ) with density (  ) A mixed strategy equilibrium implies that firms choose utility levels randomly anywhere in the support of the distribution of consumer heterogeneity, in-14 cluding one in which the utility is zero. Utility is zero for the set of consumers who search only once. If the utility for these consumers is zero, then the firms' margin is given by  =   −    and the equilibrium profit is (0) =  1  , or the average valuation for a truly homogeneous product, multiplied by firm 's market share. More generally, the expected profit over all consumer segments, or consumers who search  = 1 2   times is given by:
or the retailer-specific margin multiplied by the share-weighted average demand for each store in the market. The mixed strategy equilibrium condition requires the expected profit from selling to consumers searching  times to equal the no-search profit, or:
which is the condition we use to solve for the equilibrium distribution of utilities. According to Armstrong and Vickers (2001), firms compete in utility space, so maximizing expected profit with respect to   gives the first-order-condition:
where we have imposed symmetry in utilities subsequent to differentiation. Solving this expression for the density of utility, () yields
which we then estimate using maximum likelihood over all observations for the parameters Once the distribution of utility is estimated, we then recover equilibrium search costs using the relationship captured in (1) subject to the equilibrium condition in (3). Specifically, the optimality of search costs from a consumer's perspective means that they can be written in terms of utility as:
where   is the maximum level of utility, and   is the minimum level. Defining  = ()
implies  = () so we eliminate the distribution of utility in (6) and write search costs solely in terms of . Further, recognizing that the value of () at the maximum utility level is 1 and at the minimum utility is 0, we write (6) as:
and the equilibrium level of utility is found by solving (3) for  as:
Numerically integrating (7) subject to the equilibrium condition in (8) variety will raise search costs. In equilibrium, consumers will search more stores as the perceived benefit of doing so is correspondingly higher, and each retailer will lose the most desired of shoppers: Those who do not consider more than one store.
Search Costs in Multiproduct Retailers
The model developed to this point is appropriate for estimating search costs when each of  retailers sells a single product. However, as McAfee (1995) explains, the search process in multiproduct retailing is fundamentally different. 7 If each product has a unique price distribution, then the mixed-strategy equilibrium involves a much more complicated, and often unsolvable, problem. In fact, he shows that there are many solutions to the equilibrium price distribution without additional structure. In this section, we describe a simple extension to the single-product approach outlined in the previous section to account for the fact that consumers evaluate many prices simultaneously in deciding the set of products to purchase.
While McAfee (1995) frames the multiproduct problem in terms of the marginal distributions of several products offered by the same retailer, so the formal development of the problem differs little from the single-product case, consumers are instead interested in the probability of drawing a set of prices together for products that they are likely to buy. They draw prices from a multivariate distribution from each retailer, and compare the costs of searching to the prospects of another multivariate draw from another retailer. Therefore, the extension to Wildenbeest (2011), extending the price-distribution logic to the distribution of utilities as we have done so far, is rather simple. Instead of facing the probability of a single utility from each retailer, the information that is most salient to shoppers is the probability of a particular set of utilities for the products they are interested in. We modify the approach above, therefore, by considering a multivariate distribution over utilities from all five categories, rather than draws from univariate distributions for each item. The difference between our approach and Wildenbeest (2011) is subtle, but important. By considering a single basket of goods, Wildenbeest (2011) ignores the covariance of utilities among goods in the basket. Firms still compete by offering baskets of products, because this is the nature of multiproduct retailing, but when they choose a set of utilities with a particular probability, this probability takes into account the interaction of utilities among products. This extension is both conveniently simple, and powerful as it allows us to compare the implications of multiproduct search, and the impact of variety, directly with our findings from the single-product model.
More formally, the problem from the consumer's perspective now becomes one of comparing the marginal benefit of search to the marginal cost when the probability drawn represents a set of prices, which may or may not covary significantly with one another, to the cost of finding another set of prices. The share of consumers searching  stores now becomes:
where s is now a vector of search costs associated with searching for items chosen from  = 1 2 3  categories within retailer ,    is the share searching over the set of  products, and the multiple-integral is over the joint density of search costs (s  ).
From the firm's perspective, they now offer a multivariate distribution of prices, and compete in mixed strategies, albeit in a more complicated way, just as they did in the previous problem. Firm's compete in utilities according to the Armstrong and Vickers (2001) assumption, so firms now choose the utility from each category, where utilities now represent draws from multivariate distributions (u  ):
which we solve in the same way as (4) above. Namely, the solution results in a system of equations analogous to (5) that we write as:
where   (u) is the marginal density of utility from category .
So the solution is formally very similar to the univariate case, but allowing for prices to covary with one another creates a solution that could be qualitatively different, and our solution is empirically tractable, unlike the theoretical models of McAfee (1995), Rhodes (2011), or Zhou (2012) . That is, in the univariate case, the consumer forms expectations of the probability of a high or low utility from a particular retailer that derives from the attributes of, and price of, a single product. In the multivariate case, the consumer similarly forms expectations of the utility being offered, but that utility can be comprised of a highly desirable product offered at a low price, combined with a less desirable product, in another category, offered at a relatively high price, or any combination of price and attributes across The key insight here is that we can summarize the outcome in our model with one utility draw, and an associated multivariate probability. Empirically, this problem is tractable, and we can compare the results directly to the single-product search case. As in the univariate solution above, we can also investigate the effect of changing variety simply by allowing utility 20 for each product entering the multivariate problem to depend on the number of products offered by the retailer. If variety in one category at a specific retailer is positively correlated with variety and prices in another category in that retailer, then this will be reflected in the consumer's decision to search another store, or to remain and purchase from the store that changed variety. All we are interested in is the summary outcome, and the net effect on search costs and the probability of searching.
With the equilibrium vector of utilities in hand, we then calculate the share searching each number of stores (1, 2, 3, or 4 in our empirical application) and the implied costs of searching. Again, by calculating equilibrium utilities, and search costs, with and without variety effects, we are able to evaluate the effect of variety on search costs. In the next section, we describe the results associated with each hedonic estimation model, and the equilibrium search costs in the univariate, and multivariate search cases.
Results and Discussion
In this section, we first present the results obtained from estimating the utility associated with each brand in each category, with and without variety effects, and then the estimated search behavior in our univariate and multivariate search cases. We interpret our results in terms of both the significance of search in our focal product categories, and the revealed cost of searching within each. We conclude the section with a number of robustness tests that establish the validity of our empirical model.
In order to estimate search costs while controlling for the possibility that online retailers are vertically differentiated, we follow Wildenbeest (2011) and estimate hedonic pricing models for each category. 8 The results obtained by estimating the "without-variety" models appear in an important result as it shows that the perception of vertical differentiation cannot be assumed to be uniform across categories, so there is some feature of category-specific offerings that renders one store better than the others.
[ alternative. We choose hedonic modeling as it allows us to easily estimate the effect of variety on productspecific valuations.
22
variety is included, it is apparent that cereal instead sells at a significant premium in Tesco.
The fact that not all of the variety-effect estimates are positive points to the controversy referred to in the introduction. Namely, the choice overload hypothesis (Diehl and Poynor 2010) suggests that shoppers can become overwhelmed if the number of choices is too large, and fail to make a purchase at all. On the other hand, if greater variety implies that shoppers can find a brand that fits their ideal attribute combination more easily, the willingness to pay for individual brands in a store with more variety should be higher. In a reduced-form model such as this, we only see the net effect as either negative or positive. How these variety effects filter through to the cost of search, however, depends on the equilibrium impact on retailer pricing, and consumer search behavior.
[ show the share searching, the statistical significance of the share parameter, and the implied cost of search, and in the latter 3 columns, we show the same parameters with varietyeffects included. Note in this table that we estimate only the first three share parameters as they are, logically, constrained to equal 1 in equilibrium. For the cereal category, we find that nearly 91% of shoppers consider only one store, while 7% shop two online stores, 2%
shop three stores, and a negligible proportion shop all four stores. Meanwhile, the cost of search is substantial. Based on the average package prices reported in table 1b, the cost of searching one store is fully 2.56% of the shelf price. While this is proportionately lower than . One pattern seems clear from these estimates -products that are more frequently purchased tend to have lower search costs, which is both intuitive and to be expected. These findings, however, tell us nothing about how variety affects search costs.
[ table 4 in here]
For this purpose, we compare the estimates in the first three columns of table 4 to those in the final three columns. Beginning with the cereal category, we see that greater variety reduces the cost of search (0.0536 pence versus 0.0635 pence per package), and increases the proportion of shoppers who consider only one store -from 91% to almost 97%. This finding supports the argument that adding more products in a category increases the probability that a shopper is able to find a product that meets his or her desired attribute profile, reducing the cost of search, and the incentive to search another store for that ideal product.
Although more variety means that the consumer must, potentially, search through more products to find one that is suitable, this effect is dominated by the ease with which the desired product is found. This finding is intuitive -if a consumer enters the cereal aisle looking for Special K Red Berries, and can only find Special K Original and Almond, then a decision must be made to purchase at the current store, or keep searching. This is a pure mental-processing cost that otherwise would not have had to happen. In the extreme case that cereal happens to be a must-have product, the consumer will leave the site and shop elsewhere. In the yogurt category, the cost of searching a single store falls only slightly, but the share searching only one store rises dramatically -from 85% to 97%. Examining individual elements of the cost-of-search function for the cause of this result, we find that 24 the maximum utility value in the yogurt category rises substantially, increasing the value of search in the preferred store, without impacting search cost to as great an extent. Search costs in the soda category exhibit an even larger decline when variety effects are included -22.4% lower than when variety is not included -and the proportion searching only one store rises in a manner very much like the cereal category. The similarity between the soda and cereal categories is not surprising because they resemble each other in structure, consisting of two major players that compete in variety and other non-price elements of the marketing mix.
Search costs and search activity follow a similar pattern in the remaining two categories (jam and coffee), namely that variety reduces search costs and causes the number of consumers searching only one store to rise. Variety thus appears to play a role that has not been considered elsewhere in the literature: By reducing search costs, retailers effectively reduce the incentives to search, and capture a greater number of consumers willing to pay local-monopoly prices in their store. Although the orthodox expectation is that online grocery shopping reduces search costs, and causes grocery markets to be more competitive, the outcome in the single-product search case is only partly consistent. Online retailers have the ability to offer far more variants of each brand than do bricks-and-mortar retailers, so search costs may fall online, but this does not necessarily mean that markets will be more competitive. These conclusions, however, are still based on a single-product analysis of search behavior. Whether multiproduct search differs is an empirical matter.
Recall that predictions of how multiproduct and single-product search differ in terms of their implications for retail prices is unsettled in the theoretical literature. While Zhou (2012) and Rhodes (2012) argue that consumers will search more intensively in a multiproduct environment, so retail prices will be positively correlated, moving both upward and downward together, the earlier literature (Lal and Matutes 1994; McAfee 1995; Hosken and Reiffen 2007) instead finds that retailers use low prices on some searched items to attract consumers to the store, raising prices on other items. In terms of the cost of search, we find a similar result to the single-product search case above (table 5) . Namely, the cost of searching through products in a single store fall by an amount comparable to the single product-case (8.1%) when the variety effect is taken into account. However, search behavior differs dramatically, both with the multiproduct effect alone, and when the multiproduct search effect is combined with the variety effect. First, the results in table 5 show that consumers are more likely to search multiple stores when searching for products in many categories at the same time.
This is perhaps to be expected as there is a chance the consumer will be unable to find his or her desired product in each category. In a single-product model, the probability of this one outcome alone drives the search to another store. In a multiproduct environment, however, if the consumer is unable to find the desired product in any of the five categories, she will likely try another store. As a result, fully 5.1% of consumers in the no-variety case and over 12.4% in the variety case are forced to search all four stores. More intensive search, in turn, suggests that retail prices across all categories are likely to be lower, supporting the "complementarity" argument of Rhodes (2012) and Zhou (2012) .
[ scenario. However, with search across multiple products, the ratio of four-store to onestore search costs changes from 22.1% without variety to 24.8% when variety is taken into account. Because the cost of search equals the benefits to search in equilibrium, there is clearly more benefit to searching all stores when variety is taken into consideration. This is, again, intuitive as consumers are likely to consider multiple stores primarily because of the different assortments offered in each. When searching for a specific flavor or package of jam in a basket that consists of the five categories considered here, a shopper is more likely to search across all four stores when the probability of finding a store that offers something specific and unique is higher. In the more general case, then, variety enhances the competitiveness of online markets rather than detracts from it as the single-category analysis implies.
There is a growing volume of research that predicts higher retail prices as online shop- price sensitive -by whatever means -as they search for specific attribute mixes online. However, we find the opposite. If consumers search for multiple products on the same "shopping trip," or online session with the intention of buying groceries, we find instead that the ability of retailers to offer deeper assortments online can indeed make these markets more competitive than previously thought, or at least induce consumers to search more intensively. When searching for many products, across multiple categories, consumers are better able to find products with preferred attribute mixes, which lowers search costs. However, the marginal benefit of search also rises as the probability that another retailer offers the ideal product rises in the variety on offer. We find that the net effect results in more search across stores.
The primary implication of our findings is that online markets will be more competitive than the emerging literature would leave us to believe and, in fact, closer to what the common wisdom suggests. That said, we are unable to make a direct comparison between search online and off because our price-only data only reflects online transactions. Comparing our results for single-and multiproduct search suggests that the market power effects due to online search claimed in the literature may still hold true for retailers that sell items that are purchased infrequently and one at a time. Books, sporting equipment, electronic devices, or even shoes are prominent examples. Other retailers -supermarkets, drugstores, warehouse stores, for example -are designed to satisfy several needs at once. In these cases, the expansion of variety online is likely to represent a welfare gain to consumers, not just through the provision of more variety per se, but through the pro-competitive effects on online markets.
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In this study, we investigate the empirical relationship between variety and search cost in an online environment in the context of an equilibrium, multiproduct model of search. With the rapid growth of online grocery retailing in a highly fragmented offline industry, how the structure of retailing will impact consumer prices is an issue of concern to not only public policy officials, but virtually all players in the supermarket industry. While orthodox economic thought suggests that lower costs of searching online will reduce prices, online retailing allows virtually unlimited variety, and variety is well understood to enhance retail market power, raising prices and retail margins. Which of these two effects dominates is the empirical question we seek to resolve here.
We estimate equilibrium price distributions with data from four major online supermarkets in the UK using maximum likelihood methods. We extend a well-understood empirical model of search costs to include variety-effects, and the effect of multiproduct search across five representative grocery categories. In a single-product search context, we find that greater variety reduces search costs, and increases the likelihood that consumers shop in only one store. Greater retail market power, and higher retail prices, ensue. However, when we consider an equilibrium model of multiproduct search, we still find that search costs fall in variety, but consumers shop across stores more intensively as the probability of finding one of their preferred products in another store rises. More intensive search has the potential to cause online grocery markets to be more competitive than markets for single-search goods such as books, electronics, or sporting goods. Although not surprising under conventional principles, this finding is contrary to much of the recent theoretical and empirical literature on the possibly disruptive effects of online retailing.
Our findings are subject to the caveat that we consider only prices from a set of online Note: A single asterisk indicates significance at a 5% level.
